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ABSTRACT 

This paper on logical reasoning in science edncation 
vas written fros a philosophical, rather than a psychological, 
orientation within an over>t.ll carricular franevork. Six areas are 
treated within this curricalar frasework: philosophical 
consideration, logical stractnre in a field of engniry, laterials 
dewelopsent and etalnation, epistesological characteristics, stndent 
developsent and use of logical reasoning in science, and 
eYalaation-research activity. In each area, selected studies are 
cited and briefly discussed. Research sethodology is stressed 
throughout the paper. An annotated bibliography intended prisarily 
for the use of researchers in science education is included and 
consists of laterials fros educational and research journals, 
curriculuB project newsletters, and doctoral dissertations. The 
references are classified according to the six areas of the paper, 
with those articles found sost useful in developing the paper 
identified by asterisks. (PEB) 
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LOGICAL REASONING IN SCIENCE EDUCATION 



F. Michael Connelly 

The Ontario Institute for Studies in Education 
Toronto, Ontario, Canada 

In dealing with its topic this paper assumes a different and 
somewhat broader perspective than might be expected from the title: 
"different" in that "logical reasoning" per se suggests a psychologi- 
cal orientation, whereas mine is philosophical, and "broader" in the 
sense that the overall framework is cyrricular. Within this curricu- 
lar framework six areas, rather than the suggested one, are treated. 
While this prevents an indepth treatment it permits a more adequate 
account of the curricular concerns of this paper. Research methodology 
is stressed throughout. 

The following paragraphs contain a brief explanation of the curri- 
cular framework and its accompanying philosophical perspective. This 
Is followed by a treatment of selected studies in each of the six areas 
- philosophical consideration, logical structure of a field of enquiry, 
materials development and use of logical reasoning in science, and 
evaluation-research. An account of each area describes its connection 
to logical reasoning, identifies its major methodological characteris- 
tics, and summarizes results of selected research. 

THE CURRICULAR FRAMlZWORK 

Studies strictly focused on student reasoning are studies in pyscho- 
logy. TTicrc is a long record of such research, some of which has been 
done in science education.^ But such studies in science education without 



^Sec, for example, Maurice Belangcr, "Learning Studios in ScjAnce 
Education, Science and Mathematics Education," Review of Educational 
Research . Vol.39 (1969), pp. 377-395. 
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reference to their curricular context, amount to no more than the doing 
of psychology with science subject matter. From a curricular point of 
view the inadequacy of such studies is seen in the problem of trans- 
lating theoretical perspectives and research outcomes into curriculum 
plans, and in the fact that philosophical rather than psychological 
perspectives are of primary importance to science education. The follow- 
ing paragraphs treat each of these matters in turn. 

Translation of Psychological Knowledge into Curricular Plans 

One useful way of thinking about the translation problem is to see 
it as a question of moving from "is" to "ought" in which the singular 
"is" resulting from research on logical reasoning is connected with 
multiple possible "oughts" in curriculum planning. For instance, given 
controlled conditions such as student age, and degree and kind of teacher 
intervention, and guided by a notion of ho»v concepts correspond to 
phenomena, it may be found that students develop specific and flexible 
reasoning strategies for the induction of concepts. Knowing this, what 
"ought" to be the curriculum developers' plans? For good reasons the 
developer may be uninterested in logical reasoning and dimply ignore the 
research. Supposing, however, that he is committed to logical reasoning 
he vfiU have to diagnose the characteristics and needs of his students 
and match these with the conditions under which the research was done. 
From this process, he may, quite tentatively, decide that "X" ought to 
be done. However, another planner with different-aged children, or in 
a different community with different socio-economic characteristics, may 
decide that some variant of "X" or even "Y" ought to be done. 

But the translation problem is even more complicated since there are 
several viable conceptions of logical reasoning. For instance, following 
Belanger, there is "concept learning," "problem solving," "inductive- 
deductive learning." "guided discovery," "creative thinking," and "critical 
thinking." The complication arises since the developer may be committed 
to a different conception of logical reasoning than that which guided the 
research. In such a situation, the developer may ignore the research, 



^Ibid. 



or he may decide to twist or modify the findings to more or less fit his 
notions . 

« 

TTie diversity associated with the ."is-ought" character of the trans- 
lation problem is further complicated by recognition of two major modifying 
agents, the teacher and the materials of instruction. These agents enter 
in not merely as annoyances to be circumvented, for examjile, by teaching- 
proofing of materials or by student remediation consistent with the 
materials, but as effective determiners in their own right. Accordingly, * 
even when he has settled upon a set of 'is-oughf connections based on 
his consideration of his students and of the conception of logical rea- 
soning governing the research in question, the curriculum planner needs 
to give further consideration to the characteristics of the teachers 
and of the materials in tvhich the ideas on logical reasoning will be 
embodied. This point has been dealt with on another occasion.' Suffice 
it here to note that matters such as the language adopted by the teacher 
and by the materials developer; the sense of authority on the truth and 
soundness of Knowledge claims adopted by the teacher and the materials- 
developer; and the extent of independent student logical thinking encour- 
aged, can potentially alter a student's development of logical reasoning 
ability. Thus, for the curriculum planner, what ought to be done is 
further conditioned. Taken together the various conditioning variables 
in curriculum planning are so important as to reduce the "is" to the 
status of another conditioning variable. Research outcomes are simply 
one of those variables considered by the planner as he matches curriculum 
variables of a particular setting. 

To summarize these remarks on the translation problem, we note that 
there are no necessary curricular "oughts" for any "is" on logical 
reasoning, and there are multiple possible curricular "oughts" for any 
single "is". Furthermore, the "is" of a research finding is itself 
best seen as a conditioning variable on what "ought" to be done. Research . 
aimed at being useful in practice avoids "controlling" the conditioning 
variablcf and, instead, takes them simultaneously into account.* Various 



F. Michael Connolly, "Tlic Functions of Curriculum Development." 
pp^^iei 175* °" School Innovation, Vol.3, Nos.2-3 (1972) 
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kinds of methodologies of such curriculum oriented research are described 
below for six areas. 

Our consideration of these curricular complications of the transla- 
tion problem serves to dispel simplistic notions of the potential power 
of psychological studies. But such consideration has the danger of 
swamping the researcher and science educator in a sea of diversity and 
circumstance. To prevent this effect, it remains for us to take a stand, 
a philosophical one as earlier noted, and to generate a relatively simple 
framework for dealing with logical reasoning. 

A Philosophical St<m<jf 

For purposes of this paper two points will serve as indicators of 
the reasons for seeing science education problems from a philosophical 
perspective. One point is that curriculum, however conceived, rests on 
the classical question "What knowledge is most worth learning?" Problems 
of knowledge are only superficially seen in terms of the constructs and 
understandings of particular fields of enquiry. In their more useful 
generic sense these questions are epistemological and arc concerned with 
the. nature of knowledge and of knowing. It is the hypothetical connec- 
tions between knowledge and knowing, and of the learner's personal power 
and freedom in logical reasoning that guides the selection of particular 
curricular content and the forms of logical reasoning worthy of develop- 
ing. Given these connections it is possible to frame specific psycholo- 
gical research questions on logical reasoning that have to do with 
empirical capability under specified conditions of, for example, develop- 
mental stage. Briefly stated, psychological perspectives are herein seen 
as secondary and derivative of philosophical perspectives. This first 
point is well illustrated in the six areas treated below. 



4 

See, F. M. Connelly, "Significant Connections Between Philosophy of 
Science and Science Hducation," Studies in Philosophy and HJ ucation. 
Vol. VII, No.9(in press). 1 — 

Mo,.!^ nwrc extensive and detailed connection is developed in P.M. Connolly's 
Patterns of Hnquiry and Conceptual Knowledge Structures in the Curriculum" 
(working paper) 
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The second point in support of the philosophical stand is derived 
from my observations on the science curriculum development activity of 
the 1950's and 60's. While this activity began with philosophical con- 
cerns for knowledge and for enquiry, it was largely dominated by the works 
of a few psychologists, notably, Bruner, Ausubel, Gagne%nd, to a certain 
extent, Piaget. An examination of the science curricula governed by the 
first three of these psychologists shows that each inadequately concep- 
tualizes scientific knowledge and leads to unsupportable instructional 
recommendations. Tlie identified limitations are the result of im- 
plicitly embodying conceptions of knowledge and knowing in curriculum 
materials which were derived from psychological notions of cognitive 
structure and of how it develops and functions, rather than from philo- 
sophical considerations of knowledge structures and of how they develop 
and function in fields of enquiry and in the mind. 

• 

This brief account of the philosophical perspective is not intended 
as a defence of the perspective but only to introduce the philosophic 
orientation of the curricular framework. We now turn to the framework 
itself. 

Philosophically Oriented Curriculum Framework 

The philosophically oriented curricular framework used in this paper 
is schematically represented in Figure 1. The figure is to be taken as 
a useful representation for purposes of this paper and not as a hypothe- 
tical model or quasi theory about logical thinking. Tlie arrows indicate 
one thing having an effect on another and the boxes represent important 
variables, subject to research, which determine the development of logical 
thinking in instructional settings. Labels A-E indicate those areas with 
which the author is most directly concerned and on which this paper is 
focused. For each of areas A-E the connection between the area and 
logical reasoning is described and is followed with a description of one 
or more studies. Each of these is descrijed according to its aim, 
methodology, and significant outcomes. Methodology is emphasized and 
its significance relative to logical thinking is stressed. 



THE SIX AREAS 

X. Philoeophical Cottsideration 

The connection between this area ahd logical thinking has already 
been established in my introductory remarks. Suffice it to say that the 
philosophical aspects of greatest significance are epistemological ; 
concerns which have found their way into the science education literature 
under the headings of "structure of knowledge" and "enquiry". The 
writings of Schwab, Hcrron and Robinson are described below. 

Schawab's aim was to provide a set of principles adopted by scientists 
in the course of enquiry^ and to describe their educational possibilities.^ 
I have used Schwab's methodology in my study of ecology described in the 
next section and I will not repeat the account here. The significant out- 
come of Schwab's work is an account of five forms of principle of enquiry. 
Principles of enquiry serve to bound subject matter for purposes of 
investigation and they provide the analytic terms and the patterns of 
enquiry in terms of which our understanding of the meaning of knowledge 
claims in science is enriched. An important element in this enriched 
meaning is the increased understanding of the limitations and tentative- 
ness of knowledge claims seen against a background of selected and 
omitted data and against a principled interpretation of data. 

The significance of this work for logical reasoning is that science 
students are provided with a framework for viewing scientific knowledge 
and, given an appropriate instructional methodology, for developing 
hhbits of thought with respect to the recovery of meaning and the evalu- 
ation of scientific knowledge. These points are described more fully 
in my account of area "B". 



See, for example, J. J. Schwab, "What Do Scientists Do?" Behavio ral 
Science, Vol.5, No.l (I960), pp 1-27; and G. W. Ford and Lawrence Pugno 
(eds.). The Structur e of Knowledge and the Curriculum (Chicaco: Rand 
McNally and Co., 1964)] 

8 * 

Sec, for example, J.J. Schwab, "Enquiry, The Science Teacher, and 
The Educator," School Review, Vol.67 (1960), pp 176-195; and, "The 
Teaching of Science as linquiry," Tlio Teaching of Science (Canibriduc: 
Harvard University Press, 1962). 
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Herron's work is closely allied theoretically to that of Schwab. 
His aim was to provide a methodology for revealing, comparing and con- 
trasting accounts of enquiry found in a. diversity of philosophic 
positions and subsequently in a diversity of science curricula.^ His 
recommendation is one of the more interesting described herein and is 
useful both in philosophical analysis and in graduate . level teaching. 
Herron advanced five commonplaces of enquiry - agent, method, scientific 
data, fact and what passes for fact, scientific knowledge and dynamics 
of revision. The commonplaces constitute a set of topics which any 
reasonably complete account of scientific enquiry should be expected to 
treat. Herron's metaphorical account of them reads: 

The situation might be likened to a game of "mosaic making" 
in Which all participants must use the same given universe 
of pieces. A player is not required to construct a "complete" 
mosaic and, hence, need not use all of the pieces at his * 
disposal. The individuality of each "artist's" mosaic resides 
in the permutations and combinations of the pieces, set in 
relationship to one another. Our position in this "game" 
would be to identify and describe each of the available pieces 
in such a way that our account will be useful in characterizing 
any one of the mosaics in terms of the pieces used in its con- 
. struction and the matter in which they relate to one another. ^° 

Herron demonstrated the usefulness of his commonplaces in a comparative 
account of the works of John Dewey, Albert Einstein, Charles S. Pierce, 
and William Whewcll, and in the evaluation of curriculum materials as 
described in area C. The significance of Herron's recommended metho- 
dology for logical reasoning in science derives from the fact that 
different philosophical systems see knowledge and its generation in 
different ways and these difference.s yield different forms of reasoning 
appropriate to them. Contrast, for example, the appropriate instructional 
"reasoning" goals for a curriculum using Einstein's idealized approach 
to knowledge with one using Pierce's pragmatic approach. 



Vol.7M!571)\^pp"nI°2n ^^^"""^ Scientific Enquiry," Schpol Review . 



Whereas Horron was concerned to understand philosophic diversity, 
Robinson's aim was to give an account of enquiry which was, as much as 
possible, common to all sciences. Thfe methodology used by each author 
was similar, namely, to read a variety of philosophic accounts in search 
of common, features. But whereas Herron's analytic features were reveal- 
ing of diversity, Robinson's were descriptive features shkred in common 
by different writers. The major notions put forward by Robinson were 
"correlational procedures," "exact procedures," "rules of correspondence," 
"metaphysical principals," and "constructs." These were weaved into an 
integrated network which in and of itself stands as a philosophic st.ite- 
raent. The physical and biological sciences were seen to differ in their 
degree of emphasis on correlational procedures. 

4 

The significance of Rohinson's methodology and findings for logical 
reasoning is that a common orientation to thinking about knowledge claims 
in science could be adopted for all sciences. Such an orientation could 
be of use, say, in providing a basis for "reasoning" goals in general 
science courses. Robinson did not make instructional recommendations 
which would lead to specific training in logical reasoning about scienti- 
fic- knowledge but he did provide an extensive set of "understandings" 
which would provide the orientation within which such reasoning would 
take place. 

B Logical Structure in a Fizld of Enquiry 

The significance of this area for logical reasoning is located in 
the fact that the design of curriculum materials inevitably, whether 
deliberately sought or by implication, sets out a conceptual framework 
of the subject field. Prior logical analysis of the field ensures that 
sound philosophical conceptions (area A) are both tested and used in the 
organization of content prior to materials production. The writings of 
Connelly and Clipsham are described below. 

The first aim of Connelly's study was to give an account of ecologi- 
cal method useful in the construction of a curriculum aimed at rlluminating 

^^James T. Robinson, The Nature of Science arid Science Teaching, 
(Belmont, California: Wadsworth Publi.shing Company, Inc., 1908). 



the significance and soundness of ecological knowledge. A second aim 
was to develop instructional recommendations associated with this account 
which would yield student capability in.the recovery of meaning and in the 
evaluation of ecological knowledge claims, the method was to read a 
wide range of research papers and to classify the logical forms seen to 
be operating there. This identification of forms was based on the way 
problems were bounded for enquiry, on the kind of data that passed as 
evidence, on how interpretations of the evidence were made, and on the 
terms in which the research findings were presented. Tliese four attri- 
butes led to the identification of an overriding principle of enquir)- 
in the research. In turn, an account of the attributes in terms of 
principles led to the description of a characteristic logical pattern 
of enquiry. In short, conditions were seen to be imposed on the problem, ' 
data, interpretation, and research outcome by the guiding principle of 
enquiry. 

The significance of this account of method for logical reasoning is 
that the resulting forms of knowledge - that is, the principles of enquiry - 
are forms of knowledge as experienced. This follows from the fact that 
research papers are the recorded experience of men operating on subject 
matter to achieve knowledge and a state of understanding. Thus, the 
principles of enquiry are at once forms of knowledge and forms of 
experience. They are a structure of the world of living things as 
experienced in enquiry. As such, they give the logical framework for 
understanding the nature of ecology and for understanding the development 
of ecological ideas. 

From the point of view of the curriculum, the structure of ecologi- 
cal experience becomes a structure for a learner's experiencing of ecology; 
that is, it becomes a framework into which the learner fits, interprets, 
and evaluates knowledge claims in ecology. Thus, the fo.ms for the re- 
search study of ecology and for the logical" reasoning required of the 
student with respect to ecology are one and the same. 

— TT, — : 

F. Michael Connelly, "Conceptual Structures in Hcology with Special 
Reference to An Hnquiry Curriculum in Ecology" (unpublished Doctoral 
dissertation. University of Chica«o, 1968J . 



Clipsham is currently utilizing a similar mcthodolog/ for ex nining 
issues at the science society interface^^ by applying the biological 
principles of enquiry described by Schwab and Connelly. He is elaborating 
a conception of patterns of argumontatio: to account for the prescriptive 
policy oriented literature associated with science; and he is elaborating 
a comparative terminology, largely derived from Aristotle's physics and 
ethics, for simultaneously talking about science and science society issues 
in a single curriculum. 

The significance of Clipsham' s work for logical reasoning is to dis- 
tinguish between reasoning modes appropriate to science and to science 
society issues and to describe the conditions to be fulfilled by a curri- 
culum aimed at encouraging a recognition andue of the appropriate rea- 
soning modes on the part of students. 

C» Materials Development and Evaluation 

Curriculum materials embody the theoretical ideas of developers and 
may be more or less transparent to those ideas. Even when materials arc 
not explicitly designed in terms of the development of logical reasoning 
abilities, their organization will reflect on logical reasoning possi- 
bilities. Accordingly, certain unintended learnings with re^spect to 
logical reasoning will likely follo^v. The significance of investigations 
of curriculum materials is that their potential for the development of 
logical reasoning may be assessed. A comparative evaluation of their 
potential with the developer's intentions may be advanced, as in the work 
of Herron described below, or against an independent standard provided 
by the evaluator, as described in the work of Kilbourn. 

Herron' s aim was to evaluate the degree to which four National Science 
Foundation texts reflected stated developer intentions on enauiry and the 
structure of knowledge. His methodology was to apply the notion of 



John Clipsham, "Organizing an Enquiry Curriculum for the Study of 
Issues at the Science-Society Interface," (dissertation in progress, 
Toronto: The Ontario Institute for Studies in Education). 

^^Herron, Ibid. 
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commonplaces described In area A; his accounts of enquiry for five 
philosophers; and Schwab's more general notions about scientific enquiry 
described in area A, to each of the selected textbooks. IVhile his 
analytic armory was more sophisticated than required by the textual 
material, he was able to show that each of the texts gave inadequate 
accounts of enquiry. The significance of his study is seen, for example, 
in his finding that the CHOM Study course had only 25% of their exercises 
devoted to encouraging students to reach generalizations inductively and 
that there was a decided empirical orientation in the materials such 
that techniques of accurate observation and controlled experimentation 
were emphasized. From the point of view of logical reasoning CUEM Study 
students would tend to rely on the teacher and the text for assumptions 
and starting points required in reasoning about knowledge claims and 
they would, furthermore, tend to emphasize empirical over conceptual 
aspects in their reasoning. 

The aim of Kilbourn's study was to develop a method for analyzing 
knowledge claims in textbooks. „^ utilized Scheffler's three conditions 
of knowledge - truth, evidence and belief - as his recommended methodology 
For each of these he used further philosophic writings to develop a set 
of five question, to be asked about prepositional knowledge claims in a 
text. He demonstrated the usefulness of his terms by analyzing a six- 
page passage on human evolution from the BSCS Blue Version text. tVhereas 
Herron's method was to read the entire text and, using selected examples, 
to make general statements about it, Kilbourn's method was to select a 
specific passage and to undertake a detailed analysis of it. 

Kilbourn's study makes no instructional recommendations nor, for that 
matter, any direct evaluative comments on the analyzed passage. Its 
significance for logical reasoning lies in its power for revealing textual 
provision for answering the question "How do we know X?" 

Texiool!^*^'i*'^lo^h;l ^ngjyi^ng^^^Pi!^^ Claims in Science 

t!. ■ . " Backgrou nd I'nper No. 6, 

f?SioSto° V. o'^ 1'ro.icct, Douglas A. Roberts, Principal Inve tigator 
(Toronto. The Ontario Institute for Studies in Education, 1971). 
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D. Epistemologiaat Charaoteristicsa 

This area consists of epistemological studies of classroom instruc- 
tion. The significance of this area for logical reasoning lies in the 
fact that during instruction the determining elements of logical reason- 
ing come to bear on the learner. The work of Connelly, Roberts and 
Russell is described below. 

Connelly's work is aimed at describing epistemological characteris- 
tics in instruction within the context of a particular orientation to 
the philosophy of science and a particular mode of instruction.^^ 
Methodologically, the notion of commonplaces has been adopted and work 
has tentatively begun with five: the teacher, the student, the materials 
of instruction, the phenomena of science, and the ideas of science. 
These topics provide the bounding elements for conceptualizing instruction 
in epistemological terms. For each topic two questions are asked, "What 
is the role of (e.g., the materials) in instruction?" and "h'hat is the 
relationship of (e.g., the materials) to (e.g., the ideas) of science?" 
For instance, for the first question, two of the possible roles of 
materials in instruction are as the authoritative source on the content 
of. science or as the stimulus to discussion. To illustrate the second 
question, note that materials and ideas may be related, such that 
materials are seen as the embodiment of ideas which need only to be 
extracted; as an auxiliary resource to science ideas developed otherwise 
in instruction; or, as data sources for stimulating independent student 
induction of science ideas. The procedure has been to develop an 
instrument of about forty items on an agree-dis agree continuum and to 
apply it to teachers on a pre-post instructional basis. Furthermore, it is 
planned to use the framework, but not the instrument, for analyzing 
classroom discourse. The significance of this work is that the instruc- 
tional correlates of students' logical reasoning in science may be 
identi fied. 



This work is part of The Patterns of inquiry Project, directed by 
F.M. Connelly in association with Merlin Wahlstroni md Mcnahcm Fincgold. 
For a brief description of this project sec, Fincgold and Connelly, 
Orbit . 11 (1972) pp. 3-7. 
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Roberts has undertaken an extensive series of studies in this area 
through his work with graduate students. The aim of this work is to 
describe, and ultimately evaluate, the worth of science instruction in 
general . 

Whereas Connelly's approach to the epistemology of instruction is to 
develop analytic notions of instruction from a direct examination of it 
(guided, of course, by a broad-based philosophical concern), Roberts and 
his students deliberately explore a variety of philosophical positions in 
order to generate useful analytic frameworks for the analysis of instruc- 
tion. For example, Russell used Toulman's The Uses of Argument to gener- 
ate a framework for analyzing science teaching episodes.^® 

St\Ad£nt Development and Use of Logical Reasoning in Science 
This area consists of studies in children's reasoning processes in 
the context of instruction. Its significance for logical reasoning is 
that the topic is treated in a subject-matter context, rather than as an 
abstract generalized process. The work of Boldt and Finegold is described 
below. 

Boldt 's aim was to attempt a conceptualization of children's science 
learning in terms of Kuhn's notions of "prescience paradigm" and "prescience 
paradigm shift." Using these notions Boldt's emphasis was on the con- 
ceptual frameworks, i.e. the paradigms, which would account for children's 
handling of iaborator)' results. In Boldt's view, logical reasoning is a 
function of the paradigms used by children and, as these paradigms shift 
so, it might be exi)ected, would the child's reasoning. 



Douglas A. Roberts, About The Hxplanatory Modes Project . Bulletin 
No. 2 (Toronto: The Ontario Institute for Studies in Education, April, 1972). 
18-. 

Thomas L. Russell, "Analyzing the Kind of Authority Suggested bv 
Arguments in Science Teaching" (Qualifying Research Paper, Department of 
Curriculum, The Ontario Institute for Studies in Education, 1971). 
19 

Walter B. Boldt, "Application of Thomas S. Kuhn's View of Science to 
Teaching: An Exploratory Study," paper presented to the National Associa- 
tion for Research in Science Teaching (Vancouver: University of British 
Columbia, 1909), Mimco. , 
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Boldt's method was to train fourteen teachers whose role was to 
facilitate "natural" responses from children investigating physical 
phenomena and to collect "ongoing" data on these responses. Students 
were brought into a one-to-one clinical instructional setting with 
teachers. A variety of laboratory exercises in mechanics were used 
and both the physical and intellectual activities of the 'child, were 
studied. Post clinical sessions were held by Boldt with the teachers. 
Using videotapes and the diagnostic clinical sessions as data, Boldt 
applied Kuhn's notions to the students' activity. Only tentative 
results were obtained. For example, the ideas about the causes of 
motion of swinging objects by both an eleven and a twelve year old bore 
striking resumblance to the Aristotelian* concept of motion; a notion 
which Boldt calls a "prescience paradigm." 

The significance of this work is that it constitutes a philosophi- 
cally derived methodology for the developmental study of children's 
logical reasoning in science. Furthermore, as Boldt speculates, an 
understanding of the development of logical reasoning in science would 
suggest a diagnostic teacher role in encouraging the development of 
increasingly powerful paradigms in children's reasoning about science. 

Finegold is currently developing a methodology for investigating 
logical reasoning of individual students during and after instruction."^^ 
Analytic terms are being developed to assess the quality and range of 
student participation in discussion. "Quality" refers to the contribu- 
tion made to an understanding of the status of knowledge claims and 
"range" refers to the extent to which a student deals with enquiry gener- 
ally and the extent to which he deals with elements in patterns of enquiry. 
An example of the potential usefulness of the tentative methodology is 
seen in Finegold's pilot study of two class lessons where he found that 
students were, in general, dependent upon the teacher for guidance in 
thinking about knowledge claims. 



;>0 

• Monahcm Finegold. "The Character of Hnquiry into Hnquirv Discussion 
as ;i Mode of Instruction in Physics" (Dissertation I'roposai', Toronto: 
The Ontario Institute for Studies in Education). 
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F» Bvaluation-Researah AoHvity 

The significance of this area for logical roasonin? is that it 
explicitly treats a complex of associated, curriculum considerations. Its 
aim is to provide descriptions of the matrix of interactions among the 
instructional conditions and the cpistemological characteristics of in- 
struction (see Figure 1 for areas bounded by each of these). 

The methodology used in the Patterns of Enquiry project is to 
field test a set of theoretically sound curriculum materials in a variety 
of circumstances and to describe the various identified relationships .^^ 
Questions of the following order are asked: "To what extent do each of 
the components of the instructional recommendations associated with 
materials show in instruction and what is the balance among them?", 
••To what extent is the matrix of interactions comprehended by the instruc- 
tional recommendations" and, conversely, "what is left out by them?" 
and "How do different balances among components of the instructional 
recommendations hang together with identifiable differences in teacher, 
students, and other conditioning factors?" Given the resulting set of' 
relationships it is possible- to make sense of the variability in learner 
outcome measures associated with logical reasoning. For example, inter- 
correlations among the conceptions of knowledge embodied in the materials, 
the teacher's conc<^ption of a logical structure of his field, the student^' 
conceptions with respect to scientific knowledge claims, and the reasoning 
capabilities expressed in instruction, may be identified. The effect of 
this research is to give a picture of how both theoretical and actual 
;:haracteristics of logical reasoning hang together. 

The significance of my study for logical reasoning is that it makes 
possible the provision of multiple pictures of how materials hang together 
in theory and practice. IVe intend to make our "pictures" available to 
teachers for purposes of permitting them to intelligently assess the 
materials for their own situations and we hope, among other things, to 
circumvent the disillusionment that occurs when the wrong people use the 
wrong materials for ambitious ends, such as the development of students' 
logical reasoning in science. 
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LOGICAL REASONING IN SCIENCE EDUCATION 
AN ANNOTATED BIBLIOGRAPHY 



F. Michael Connelly 
The Ontario Institute for Studies in Education • 
University of Toronto 
Toronto, Ontario 

and 

Richard W. Binns 
The Ontario Institute for Studies in Education 
University of Toronto 
Toronto, Ontario 



This bibliography is intended primarily for the use of researchers 
in the field of science education. It provides a comprehensive overview 
of educational research studies associated with "logical re?.ioning in 
science education", which were completed and published through the end 
of 1972. It was compiled for the preparation of a paper of the same title 
by the senior author and includes a review of the following types of 
sources: educational and. research journals, curriculum project newsletters, 
and doctoral dissertations. 

The bibliography is divided into categories in terms of a philoso- 
phically oriented curriculum framework described in Connelly's paper. The 
bibliography focuses on related studies in item areas: A. philosophical 
considerations, Fi. logical structure in a field of enquiry, C. materials 
development and evaluation, D. epistemological characteristics, E. student 
development and use of logical reasoning in science, F. evaluation-research, 
G. teacher conception of the logical structure of a field, I. teacher 
conception of learning, J. student conception of learning. An eleventh 
category (K) includes studies which, for one reason or another, do not fit 
this framework and yet pertain to the topic in general. 



(1) The asterisks throughout the bibliography identify those articles 
most useful in developing the attached paper and framework f6r this 
bibliography. These articles are cited in the paper. 

(2) Mr. Brent Kilbourn, Research Officer with the Patterns of Enquiry 
project, assisted j'n the preparation of this bibliography. 
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A, PHILOSOPHICAL CONSIDERATIONS 



Atkin. Myron J. Science Education: 'Process' and 'Content' in Grade 
Schools. Science, 151:103. March 4. 1966. m wade 

4« To^®"®V° editor. A useful criticism of Gagnc's article 
m January 7 issue. * -itAtie 

Berlin. Barney M and Gains, Alan M. "Use Philosophy to explain the 
Scientific Method." Science Teacher . 33:52. May 1966 

♦Ko* /eP°ft of a curriculum innovation based on the notion 

that knowledge changes in science. Readings in the philosophy of 
science are introduced into the Princeton, Time, Space^aJd Matter 

*"'"7laJ'i96i. "^"^"""^ ^^"^ Humanism." Science Teacher . 35:13-16:72. 

A brief philosophical analysis in science in terms of 
I How does science work? - Inquirv into logic, 
II Why does science work? - Inquiry into philosophy 
Ul Human and social requisites necessary to make 
science work - Inquiry in ethics. 

Cohen Robert Sonne. "Individuality and Common Purpose: The Philosophy of 
Science." Science Teacher . 31:27-33. May 1964. (1) 

"»tfhat'^!lo*?i!''c" ^rT^" ^^'^'^ °" """^"^^ philosophy of science. 
What do these reflections on the ambiguous character of science imply 
for the school?" It lists 11 Goals and Values for science "eachiig^^ 

Conklin, Kenneth R. "The Integration of the Disciplines." Educational 
Theory , 16:225-38. July 1966. 

A theoretician explores whether there are any integrating factors 
common to both science and axiology. Says meta-physical inquiry pro- 
vides such a unifying bond. ^nnuiry pro 
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Connelly, F. Michael "Significant Connections Between Philosophy of 

Science and Science Education." Studies in Ph ilosophy and Education. 
Vol. VII, No. 9 (in press). [ 

A critique which argues that science education ought to take 
stands on philosophical issues based on the character of science 
education practice and not on the character of the philosophical 
position. Some of the characteristics of taking a stand are des- 
cribed. 



Connelly, F. Michael "The Role of Principles of Enquiry in the Conduct 
of Enquiring and in Curriculum Development." Ttie Sc ience Teacher, 
37:9:23-26. December 1970. 

A comparison of curricular statements on scientific method, a 
description of six very general characteristics of enquiry and 
general characteristics of knowledge claims. 



Fox, Fred W. "Education and the Spirit of Science - The New Challenge." 
. Science Teacher . 35:58-9. November 1966. 

Comment on the NEA publication Education and the Spirit of 
Science. 



Gagne, Robert M. "Elementary Science: A New Scheme of Instruction." 
Science, 151:49-53. January 7, 1966. 

Description of philosophy and procedures of Science - A Process 
Approach . 



Glass, H. Bently "The Most Critical Aspect of Science Teaching." Scien ce 
Teacher , 34:19-23. May 1967. 

Argues for a humanistic approach to science education. This 
approach amounts to getting students enquiring, and being concerned 
with attitudes. In these terms he discusses the laboratory, curriculum 
development and teacher training. 



Hawkins, Dav.id "Education and the Spirit of Science - Critique of a State- 
ment." Science Teacher . 33:18-20. September 1966. 

An evaluation of the NEA publication Education and the Spirit of 
Sci ence . 
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Herron Marshall D/ "The Nature of Scientific Enquiry." School Review. 
Vol. 79:171-212. 1971. . ' 

A philosophical framework of commonplaces of scientific enquiry 
IS developed and applied to the writings of selected philosophers 
. and to selected well-known science curricula. Includes the results 
of a study on teacher understanding of scientific enquiry. 

Hoffmaster, Edmund S.; Lotham, James W. ; and Wilson, Elizabeth D. "Design 
for Science." Science Teacher . 31:15-17. November 1964. 

Attempt of Ntontgomery Country Schools (Maryland) to build a 
Theoretical model for science teaching. Relates substantive elements 
to behavioral elements. 

Hurd, Paul Dehart "Scientific Enlightenment for an Age of Science." 
The Science Teacher , 37:1:13-15. January, 1970 , . 

A statement about the reorganization of curriculum development 
in terms of a cultural context which represents a new viewpoint 
about the purposes for teaching science. 

Jevons-, F.R. "A 'Science Greats' Course." Physics Education. 2:196-99 
1967. (1) — 

Course in Philosophy of Science at U. of Manchester designed to 

"produce high - calibre scientific gcneralists to train people 

for interpreting science to the public and administrating scientific 
activities. * 

Kilbourn, Brent "The Use of Stephen C. Pepper's World Hypotheses as a 
Basis for Detecting World Views Projected in a Biology Text Book: 
Development and Application of an Analytical Scheme."' (Dissertation 
in Progress, Toronto: The Ontario Institute for ixudies in Education). 

This is the development and case-study application of a scheme 
for detecting world views projected to students in verbal material. 

Kline, Ntorris "The Liberal Education Values of Science." Science Teacher- 
32:22-4. November 1965, 

Argues that science is a proper part of Liberal Education. The 
position has implications for nonscicntific knowledge and values, 
esthetics, and cultural values. 
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McCuire, Francis J., S.J. "Join in the Scientific Adventurel" Catholic 
School Journal . 67:42-5. December, 1967. ^ 

Describes a particular philosophy of science (moderate realism) 
and argues that it ought to be the basis for curriculum. 



Meyer, G.R. "New Concepts in Science Education in Secondary Schools." 
Australian Journal of Education . 9:137-54. 1965. 

Describes the Wyndam unified science course. This embodies a 
view of the unity of nature and of the sciences. 



Neville, P. "No Place for Absolute Truth: The Role of Philosophy and 
Perception Studies in Scij^nce Teaching." School Science Review. 
49:859-67. 1968. 

Argues that certain philosophical problems of science be in- 
cluded in curriculum. Gives some illustrations largely from 
Nuffield. 



Paskse, Gerald H. "Science for Humanists." Liberal Education, 53:252-63. 



Concerned with problem of education in science for the non- 
specialists at college level. 



Ramage, Hugh P. "Principles and Perspectives for Educational Biology." 
Journal of Biological Education . 1:117-25. 1967. 

Biology ought to be part of general science education. A semi- 
philosophical conception of biology arguing for a focus on the 
organism. 



Raven, Ronald J. "Toward a Philosophical Basis for Selecting Science 

Curriculum Content." Science Education , 54:2:97-103. April 1970. 

Argues for using an epistemological approach in curriculum 
development. 
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Roberts, Douglas A. "Science as an Explanatory Mode." Main Currents 
in Modern Thought . 26:5. May- June, 1970. 

Science, magic, and religion are examined to support the 
position that explanatory modes vary not only in philosophical 
features, but also in psychological consequences to the explainer. 
Curriculum considerations focus on the potential of science as 
a context for teaching about the process of explanation. 

Robinson, James T. "Philosophy of Science: Implications for Teacher 
Education." Journal of Research in Science Teaching . 6:99-104. 

Implications for teacher education concern three variables in 
teacher behavior: verbal, pupil task selection and the selection 
of instructional materials. 

* 

^'.r The Nature of Science and Science TeachinE . Belmont, 
California: Wadsworth Publishing Company, Inc., 1968: 

Writings on the nature of scientific inquir>' are examined with 
emphasis on H. Margenau's constructionist view of the nature of 
reality. Implications are drawn for science education. 

*Schwab Joseph J. "Enquiry, The Science Teacher, and The Educator " 
School Review . 67: 1/6-195. 1960. 

Similar to Schwab's "The Teaching of Science as Enquiry:" 

Schwab Joseph J. "Structure of the Disciplines: Meanings and Significances.' 
Structure of Knowledge and the Curriculum . (Edited by.G.W. Ford and 
Lawrence Pugno.) Chicago: Rand McNally and Co., 1964. pp. 6-30. 

Sets forth a conception of the disciplines in terms their member- 
ship and organization, syntactical structure and substantive structure. 

Schwab, Joseph J. "The Structure of the Natural Sciences." The Structur 
of Knowledg e and the Curriculum . (Edited bv G.W. Ford and Lawrence * 
Pugno.) Chicago: Hand McNally and Co. , 1964. pp. 31-49. 

Focuses on developing the notions of stable and fluid scientific 
inquiry 6f relating these to the long term syntax of the disciplines. 
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Schwab, Joseph J. "The Teaching of Scicncb as Enquiry." The Teaching 
of Science . Cambridge: Harvard University Press, 1962, pp. 3-103. 

Schwab develops and uses the distinction between "stable" and 
"fluid" enquiry in science. In response to the need for public 
support of science, he prescribes and gives a rationale for methods 
appropriate to teaching science as fluid enquiry. 



Schwab, Joseph J. "Itfhat Do Scientists Do?" Behavioral Science . 5:1: 
1-27. 1960. G.W. Ford and Lawrence Pugno (cds.) The Structure 
of Knowledge and the Curriculum . Chicago: Rand McNally and Co.. 

The basic philosophical paper setting forth the concept and 
kinds of principles of enquiry operating in science. Describes a 
set of metliodological decision points confronted by scientists 
during enquiry. 

Showalter, Victor "Unified Science: An Alternative to Tradition." 
Science Teacher . 31:24-6. February 1964. 

Justifies and expounds on his model in the title. 



Troost, Cornelius J. "On the Teaching of Origins." Science Teacher . 
35:30-1. December 1968. " 

This article asks teachers to discuss philosophy. It is interested 
in the questions of cause and God and uses the "infinite regress" 
argument. 



Williams, Curtis A. "Biology and the Evolution of Science." Science 
Teacher , 7:22-3. November 1963. 

An article on nature of science stressing: 

- Science evolves, 

- Man as a selective force, 

- Historical triumphs. 
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B, LOGICAL CTRUCTURH IN A FiniD OF ENQUIRY 



Brown, Walter R. "Defining the Processes 6f Science." Science Teach er. 
35:26-28. December 1968. ' 

An attempt by a team in India to define in operational terms 
the objective "to teach the processes of science". Unquiry is 
seen as a matter of problem solving and amounts to Dewey re-phrased 
in Bloom terras. Breaks down each of the followii g: 

a) Application of Generalizations to New Stiuations 

b) Collection of Data 

c) Analysis oi data 

d) Synthesis of data 

e) Evaluation of data 



Clipsham, John "Organizing an Enquiry Curriculum for the Study of Issues 
at the Science-Society Interface." (dissertation in progress, Toronto: 
The Ontario Institute for Studies in Education). 

A study which examines the science-society interface by applying 
biological principles of enquiry. The significance of Clipsham»s 
work for logical reasoning is to distinguish between reasoning modes 
appropriate to science and to science- society issues and describe 
the conditions to be fulfilled by a curriculum based on analysis of 
the methodologies of enquiry and argumentation for the development 
of skills needed for critical thinking and responsible action. 



Connelly, F. Michael "Conceptual Structures in Ecology with Special 
Reference to An Enquiry Curriculum in Ecoloiiy " (unpublished 
Doctoral dissertation. University of Chicago, 1968). 

A philosophical analysis of the principles and patterns of 
enquiry operating in the field of ecology along with an account 
of curricula possibilities for an enquiry curriculum. 



Connelly, F. Michael "Enquiry Materials in Science Teaching: Part I; 
Conceptions of Enquiry." The Crucible . February 1970. 

This is an analysis of different uses of the term "enquiry". 
TVo nieanings for the term are treated in parts II and III of this 
series. 
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Connelly, F. Michael "Enquiry Materials in Science Teaching: Part II; 
Enquiry as Logic." The Crucible . April 1970. 

This is an analysis of "enquiry" in terms of guiding conceptions, 
tact, problem, hypotheses, interpretation, and outcome. 

I 

Connelly, F. Michael "Enquiry Materials in Science Teaching: Part III: 
Enquiry into Enquiry." The Crucible . June 1970. (See section VII) 

This describes a discussion method for teaching aimed at an under- 
standing of enquiry as* logic. 

* 

Connelly, F. Michael "Patterns of Enquiry and Conceptual Knowledge Structures 
in the Curriculum." (Mimeo, The Ontario Institute for Studies in 
Education) 

A paper which deals with the hypothetical connections between 
knowledge and knowing, and of the learner's personal power and free- 
dom in logical reasoning that guides the selection of particular 
curricular content and the forms of logical reasoning worthy of 
developing. ' 

Evans, C.K. "Science as a System of Inquiry - Focus for General Education 
Programs." Doctor's thesis. Gainesville: Universitv of Florida. 1965 
Abstract: ( Dissertation Abstracts 26:10:5783-84. 1966.) 

This study discusses a general education course in science at the 
college level. The course presents science as a system of inquiry. 

Glass Bentley "Theory into Action" - A Critique. Science Teac her. 32:29-30. 
82-83. May 1965. ' 

Criticizes major conceptual schemes as being "positively harmful" 
as a basis for organizing the study of biological Sciences. 

^^^^^ll^^^^y^^^ "Physics and History." Science Education . 50:485-89. 

A comparison of theory building in physics - biology - sociology. 
The curriculum argument is for general understanding of theory for 
general science education. 
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ERIC 



Kikoin, I. and Reznikov, L. "Modern Physics for Modern School." Soviet 
Education . 9:26-8. June 1967. 

Course should be based on "a completely discernible ^roup of 
fundamental physical principles." 

It is necessary to reveal the power of physics research methods, 

I 

4 

Klopfer, Leopold E. "Integrated Science for the Secondary School: Process, 
Progress and Prospects." Science Teacher . 33:27-31. November 1966. 

This paper describes the Natural Science courses at Chicago 
which are organized in terms of logical processes of enquiry. 



Mason. Herbert L. "Formal Relations in Elementary School Science." Science 

Education . 50:1966-69. 1966. '■ — 

Emphasizing formal logic in science and apply it to topics such 
as plant anatomy. 



NSTA Conference of Scientists. "Conceptual Schemes and the Processes of 
Science." Science Teacher . 31:11-13. October 1964. 

An account of scientific conceptual schemes and how they may be 
useful in science curriculum planning. 



Reznikov. L.I. "Paths of Development of the Content and Structure of the 

Secondary-School Physicb Course." Soviet Education . 7:53-9. March 1964. 

The study of physics is playing an even greater role in the system 
of general, polytcchnical and vocational education. 



Shamos. Morris H. "The Role of Major Conceptual Schemes in Science Education.' 
Science Teacher . 33:27-30. January. 1966. 

Justification of "Major Conceptual Schemes." Refers to Theory 
into Action . Attemps to answer Glass who is opposed to these schemes. 



Smith. Herbert A, "The Teaching of a Concept - An Elusive Objective." Science 
Teacher . 32:103-12. March 1966. 

An attempt to get at all implications of what we mean when wc say 
we will teach "concepts" in science. Reprinted as an NSTA monograph. 
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...uct Education. "Science and the School Subject." Soviet Education. 
8; 3- 24. November 1965. . 

A conference on the relationship of the nature of science, to the 
total school curriculum. A summary of Soviet views. 

vornlin, N.M. "The Problem of Concept Development in the Educational 
Process." So viet Education . 9:8-19. June 1967. 

'7*^® o^'ject of this article is to acquaint the teaching community 
with the bafic tenets of the theory of concept development, using the 
example of teaching methods in biology subjects." 

Aoinberg, Alvin M. "The Two Faces of Science." Journal of Chemical Educ ation. 
45:74-7. 1968. 

Face 1 - Search for new knowledge 

Face 2 - Codification of Consolidated knowledge 

Implications for science education of increasing levels of abstraction 
produced by conflict of the two faces. 

Woodburn, John H. "Science Defined Versus Indefinable." Science Teacher. 
34:27-30. November 1967. ■ 

Attempted to arrive at an operational definition for science for 
Science teachers. Replies from 16 outstanding scientists and concludes 
there is as yet no "good" definition. 
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C. MATERIALS DEVELOPMENT AND EVALUATION 



^^^^"iflo!^''^''^ "5"^"" ^or the Nonscientist." Educational Recor d. 
48:268-75. Sunwner 1967. ; 

# • 

outlines a curriculum (with his justification for 
it) Which would yield an understanding of the history of science 
by the nonscientist. 

Binns, Richard W. and Olson, John An Enquiry into Concentions of Mattor 

and Change; Thoir Rol es in the Formulation of Theories of Pl ant 

Nutrition. Classroom Discussion Module, the Patterns of Enquiry 
Project, F. Michael Connelly, Principal Investigator (Toronto: 
Department of Curriculum, The Ontario Institute for Studies in 
Education, 1973). Trial edition. 

• 

This unit, designed for an enquiry-discussion teaching 
approach, has these goals: (1) an understanding of the major 
theories of matter, change, and plant nutrition from 500 B.C. 
to the 18th century; (2) An understanding of how the parts 
(e.g., problems, fact, interpretation) of patterns of enquiry 
contribute to the "status" of knowledge claims; (3) The reading 
. skills and habits of mind that allow students to recover the 
meaning and assess the status of knowledge claims. 

Bishop, George D. "The New Approaches to Teaching Science. How 'New'?" 
British J ournal of Educational Studies , 15:307-13. 1967. 

Gives an entertaining historical survey to demonstrate that 
current science curriculum development is the business of "old wind 
in new bottles". 

Butts, David "Science - A Process Approach - Parts One Through Four." 
Commission on Science Education - Newsletter . 2:2-4. January 1966. 

Describes AAAS: Science - A Process Approach. 
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Commission on Science Education Commission on Science Education - NewOntt.^ 
1:1-12. December 1964. ' :~ 

Describes the processes involved in AAAS: Science - A Process 
Approach. First issue of this newsletter. 

I 

i 

Connelly Geraldinc The Role of Pa leontology in the Formulation of Tho or^nc ' 

of Hominid hvolution. cia^^rnnm mc...;,^^Ti M-Tlii1r Thr rattcini of 

Enquiry Project, F. Michael Connelly, Principal Investigator (Toronto: 
Department of Curriculum, The Ontario Institute for Studies in Education, 
ly/i). Trial edition. 

This unit, designed for an enquiry- discus si on teaching approach, 
has these goals: (a) An understanding of the major theories, homi- 
nid types, excavation sites and prominent researchers in the study 
of hominid evolution; (2) An understanding of how the parts (e.g.. 
problems, fact, interpretation) of patterns of enquiry contribute 
to the "status" of knowledge claims; (3) The reading skills' and 
Ihr!^? mind that allow students to recover the meaning and assess 
the status of knowledge claims. 

k 

''^"®8old,^Menahem^and^Connelly, F. Michael "The Patterns of Enquiry Project." 

A teacher oriented description of a five year curriculum develop- 
ment project on patterns of scientific enquiry. 

Finegold, Menahem and Olson, John An Enquiry into the Development of Optics: 

Conceptions of Lipht and T heir kole in Enq uiry, rin^^rnnln 

Module. The Patterns of Enquiry Project, F. Michael Connelly, Principal 
Investigator (Toronto: Department of Curriculum, The Ontario Institute 
for Studies m Education, 1972). Trial edition. 

This unit, designed for an enquiry-discussion teaching approach, 
has these goals: (1) An understanding of the major theories in optics 
from 300 B.C. to the early 19th century; (2) An understanding of how 
tne parts (e.g., problems, fact, interpretation) of patterns of enquiry 
contribute to the "status" of knowledge claims; (3) The reading skills 
and habits of mind that allow students to recover the meaning and assess 
T .c Status of knowledge claims. 
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Fischler, Abraham S. "Implications of Structure for Elementary Science." 
Science Education . 52:277-84. 1968. 

Makes a rhetorical attempt to tie psychological to logical in 
a curriculum. The paper roams over topics such as curriculum 
development, scientific enquiry, student enquiry, and so on. 

I 

I 

Kerr. John F. "Science Teaching and Social Change." School Scien ce Revies. 
47:301-09. 1965-1966. 

This article refers to old and new science courses and uses 
Nuffield as example of one of the new ones. 

It attempts to look at some recent changes in science teaching 
.....as the result of a complex interplay between educational and 
social forces. There is a plea for teachers to get involved in 
producing a theory of change in education. 

« 

Kilboum, Brent Analyzing the Basis for Knowledge Claims in Science Text - 
books: A Method and a Case Stud y; Background Paper No. 6, The Explana- 
tory Modes Project, Douglas A. Roberts, Principal Investigator (Toronto- 
Department of Curriculum, The Ontario Institute for Studies in Education, 

A scheme is developed for analyzing the basis for knowledge claims ' 
in science texts, and is applied to sections on houiinid evolution in 
a biology text. The scheme is based on Scheffler's treatment of truth, 
evid.?nce, and belief as conditions for knowledge. 

Marantz, Samuel A. "The Structure of Physics: A Teaching Objective " 
Physics Teacher . 4:309-11. 1966. 

The structure of Physics is a conscious aim in teaching physics 
Delineates the elements necessary for depicting the structure. 

Morris, G.C. "Objectives of Secondary School Courses in Chemistry." 
Australian Journal of Education . 8:192-208, 1964. 

Review article on objectives based on literature, syllabuses, 
examination papers, examiners comments. 

Murphy, Glen W. Algae "A Simple Tool for Teaching Scientific Method." Science 
Teacher , 33:56-7. May 1966. • 

A simple "how-to-do-it" exercise using field and laboratory work 
with algae and focused on a modification of the "5-stcp" formulation 
of scientific method. 
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Palmer, Wendell and Dicncs, Barbara Honey Bee Communication: An Enqu iry 
into Two Conceptions o F Animal Behavior . Classroom Discussion Module . 
The Patterns of Unquiry Project, F. Michael Connelly, Principal 
Investigator (Toronto: Department of .Curriculum, The Ontario Institute 
for Studies in Education, 1972). Trial edition. 

This unit designed for an enquiry-discussion teaching approach, 
has these goals: (1) An understanding of maior theories of honey bee 
communication: (2) An understanding of how the parts (e.g., problems, 
fact, interpretation) of patterns of enquiry contribute to the "status" 
Of knowledge claims; (3) The reading skills and habits of mind that 
allow students to recover the meaning and assess the status of know- 
ledge claims. 



Renner, John W. "A Case for Inquiry." Science and Ch ildren. 4:30-3. 
March 1967. 

Argues that to construct good elementary science curriculum, one 
should know what science is. Then discusses teacher's role in such 
a program. Little discussion of the nature of inquiry. 

Roberts, Douglas A. The N.ole as an Explanatory Device: How Do You Know 
A Mole if You Se£ One? Sample Teaching Materials, The E.xplanatory 
Modes Project, Douglas A. Roberts, Principal Investigator (Toronto: 
Department of Curriculum, The Ontario Institute for Studies in Education 
1972.) Trial edition. 

This secondary chemistry manual uses the mole concept to help 
students understand the role of such conceptual devices in science. 
Considerations from analytic philosophy are used to identify the use 
of different truth strategies in science and different kinds of state- 
ments which appear in all science texts and scientific writings. 

Slawson, Wilbur S. "Basis of Science Curriculum Development in the Future." 
Science Teacher . 35:22-6. March 1968. 

Conceptual Schemes vs. Big Ideas vs. Unifying Tliemes. Argues 
for establishing a coherent conceptual scheme of all the sciences as 
a basis for curriculum construction; a Platonic view of our state of 
scientific knowledge. 

Soviet Education. "On the Draft of a New Program for General Biology." 
Soviet Education . 8:15-27. January 1966 

Gives content of npw courses and outlines some of the reasons 
for selecting particular content areas. 
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Triegcr, Seymour "New Forces Affocting Elcmcntary-School Science." 
Science and Children . 1:22-4. October 1963. 

Examines differences in philosophy of New and Old Science courses 
at the elementary school level. 
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ERIC 



D. EPISTEMOLOGICAL CHARACTERISTICS 



Campbell, Douglas C. Epistemologica l Posture as an Intellectual Varia hlr.. 

T ""'^ ExplanatOD' Modes Project, Douglas A. Roberts . 

Wiiute for'^J'^''^'. Department of Curriculum The Ontario * 

institute for Studies in Education, 1971). 

"Epistemological Posture" is proposed as a new and potentially 
useful psychological construct concerning individuals' unsystematic 
(or systematic) attitudes and beliefs about the nature of truth and 
Knowledge* 

^"^'cH^l;°r?^^ ^- f Saunders. T. Frank "Inquiry in the Elementary School 
Science Curriculum." School Science and Mathematics. 66:13-22. 

from rnnlltt^ describing classroom discussions on a continuum 

trom content centered to enquiry centered. 

^''*"^5S:3:i47!3S2! 197i!^' "^'^^"^ °^ Inquiry." ' Science Education . 

A paper which indicates incongruities which arise from the use 
of an inquiry teaching model. 

* • 

Munby. A Hugh ••nie Use of Three Philosophical Models of Teaching to Analyze 
o? ?wonto!'!S73.) ^""P"*'^"^^^^ dissertation. University 

Po.. in ^^^^^'^^^l is developed and applied to lesson transcripts. 

Part one concenis the view of science provided for (Realism or Instru- 

?or sinHnAtf ^'"^^^'^ ^^71^' ''"^ concerns the provision made . 

for students to assess knowledge claims rationally and independently 

of their teacher (Intellectual Independence and Intellectual Dependence). 

Munby, A. Hugh Tliree Philosophical Models of Tea ching iKod to Anni.,» science 
Teachinfl . Background Paper No.b, The Explanat ory Modes Project. Douglas 
A. Roberts, Principal Investigator (Toronto: Department of Curriculum. 
TTie Ontario Institute for Studies in Education, in press). 

A scheme based on Scheffler's three .philosophical models of teaching 
(impression, insight and rule models) is developed and applied to lesson 
transcripts to show the provision made for students to know certain pro- 
positions in science. *^ 
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Prusso. K.W. "Tlie Development of a Scheme for Analyzing and Describing the 
Epistcmological Criteria Adhered to in Secondary School Natural Science 
Classroom Communication." (Unpublished Doctoral dissertation, Temple 
University, 1972). *^ 

A scheme is developed which incorporates four models of knowledge 
(Institutional, Rationa, Empirical, Pragmatic) and three dimensions 
(kinds of meaning, strategies, nature of support). Tlie scheme is used 
to analyze science lessons to determine whether they are epistemologically 
consistent with science. < . r k 7 

* 

Roberts, Douglas A. About the Explanatory Modes Project . Bulletin No. 2 

(Toronto: The Ontario Institute for Studies in Education, April 1972). 

This bulletin briefly describes the Explanatory Modes Project. 
The project concerns the application of philosophical analysis to 
issues m science education, and concentrates on comparing science 
as one way-of-explaining phenomena with other ways-of-explaininc 
(e.g., magic and religion). 

Russell, Thomas L. Towards Und erstanding the Use of Argument and Authority 
m Science Teaching. Background Paper No. 7, The Explanatory Modes 
Project, Douglas A. Roberts, Principal Investigator (Toronto: Depart- 
ment of Curriculum, The Ontario Institute for Studies in Education, 
in press). 

Teacher's classroom statements were analyzed for the extent to 
which they suggested a rational attitude toward authority. R.S. 
•Peter's discussion of "traditional" vs. "rational" attitudes toward 
authority and S.E. Toulmin's concept of an "argument-pattern" provide 
the framework for the scheme. 

Segal, Sol "Secondary Education and the Philosophy of Science." Science 
Education . 50:91-4. February 1966. 

Discussion of idealism - realism and by implication, the importance 
of this philosophical argument for science curriculum. 

Tricken, R.A.R. "The Sceptical Physicist." Physics Teacher. 2:64-9. 
February 1964. 

Deals with the question of the use of science as a vehicle for 
liberal education. Argues that for training of the mind (which he 
equates with a liberal education) questions on the Theory of Knowledge 
are important. ** 

Voclker, Alan M. "Concept Teaching and the Nature of the Scientific Enterprise. 
School Science and Mathematics . 69:3-8. 1969. 

An attempt to tic science, student learninr, and curriculum together. ' 
This is done by treating science as a process of concept formation! 
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E. STUDENT DEVntOPMUNT § USE -OF LOGICAL 
REASONING IN SCIENCE 

Anderson, 0. Roger -a Quantitative Method to Assess Content Structure in 

verbal Interaction." Journal of Research in Science Teaching . 9:305-321. 

A description of a quantitative method of analyzing structure in 
classroom dialogue and its use with science classroom verbal inter- 
action. 

* 

Boldt, Walter B. "Application of Thomas S. Kuhn's View of Science to Teaching: 

An Exploratory Study." paper presented to Tlie National Association for 

Vnfo? Science Teaching (Vancouver: University of British Columbia. 

1969), Mmeo. 

This paper conceptualizes children's science learning in terms of 
Kuhn s notions of "prescience paradigm" and "prescience paradigm shift". ' 
The emphasis is on the conceptual frameworks, i.e., the paradigms, and 
logical reasoning becomes a function of the paradigms. 

* 

Finegold, Menahem "The Character of Enquiry into Enquiry Discussion as a 
Mode of Instruction in Physics." (Dissertation in progress, Toronto: 
The Ontario Institute for Studies in Education) . 

. An analysis of classroom discussion in terms of its adequacy of 
reflecting the nature of science in general and the nature of physical 
enquiry in optics. 

Ivany, J.W. George and Oguntonade, Christopher B. "Verbal Explanation in 
Physics Classes." Journal of Research in Science Teachinfi . 9:353-359. 

A verbal explanation analysis instrument is implemented to sturdy 
classroom transcripts in terms of verbal styles and interpretation of 
physics as enquiry. 

Lundstrom, Donald and Lowery, Lawrence "Process Patterns and Structural 
Themes in Science." Science Teacher . 31:16-19. September 1964. 

Sees inquiry as a series of processes which child can accomplish 
in sequence. These form basis for their science instruction program. 
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Concerned with the dichtomy between scientist and non-scienljist. 

Raun, Chester E and Butts, David P. "The Relationship between the Strateoies' 

'"^"^n""^ Cognitive and Affective Behavioral ' 

Change.' Journal of Res earch in Science Teachin g ; . 5:261-8. 1967-1968. 

tive llll^lrll ILT'' '"^"^^ ^'"^^"^ 

"Processes" and strategies of science are related. Inquiry oriented 
curriculum science must be concerned with strategies of inqXy ^[i^"^*'^ 
exposed to situations that focus on individual inquiry oircoJli eLect 

"Strategy of Inquiry and Styles of Categorization: A Three- 
^:95-lJ2!°"97o'y Journal of Research in Science Teaching . 

SnrhnanU^'J investigation into the long-term effectiveness of 

SuchiTian's Inquiry program on children's behavior. 

Shavelson, Richard J. "Learning from Physics Instruction." Jounial of 
Research in Science Teachinp . 10:101-111. 1973. ~ 

An investigation of learning and remembering from physics instruction 



Van Deyenter W C "Evaluating Students' Understanding of Ideas in Junior 

High School Science." The Science Teacher . ; ; 51-54. November 1970. 

st«„Hf„«^w?i:/l\''''' attempts to measure scientific reasoning and under- 
standing with the use of open-ended, idea.ccntered materials and experiences. 
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F. EVALUATION-RESEARCH 

^^"'innuiw '"5 "Evaluation of an Atten,pt to Teach Scientific 

K^^h^Sn c"*'"'? ^''^^''^"fi Cl"^ "i8»^ School." Journal of 
Research i n Science Teaching . 10; 135-142. 1973. ' 

fs^uaut J«signecl to determine whether critical thinking can be 

taught when the students do not come from upper or middle SES homes. 

*^°""'sn«Hri ^""^ c^' Functions of Curriculum Development." Interchange . 
Special Issue on School Innovation, 3:2-3:162-175. 1972. 

.nio//°"J''^^^ °^ external curriculum development and user-based curri- 
and fu^cuinr"' to ends, starting points, methodologies. 

Glass, Gene V. "The Wisdom of Scientific Inquiry on Education." Journal 
ot Research in Science Teaching , 9:3-18. 1972. . 

A proposal concerning the development of evaluation methodolocy 
in science education. 

Gallagher, James J "A Summary of Research in Science Education for the 
.Years 1968-1969: Elementary School Level." Journal of Resea rch in 
Science Teaching . 9:19-46. 1972. — 

A review covering research related to science instruction at 
the elementary school level. Criteria for inclusion in the bibli- 
ography were: significance of the question investigated, validity 
of research design, rigor of data interpretation, and adequacy of 
reporting. w^-cw/ 

Hall, Gene E. "Teacher-Pupil Behaviors Exhibited by Two Groups of Second 
5lMt3l5!33l" Oaoge fL'/S! " ' '^^""^ Science Education, 

An evaluative analysis which purports to identify areas of differ- 
ences in the teaching behaviors of teachers teaching a recently developed 
science curriculum. ^ 

Ivany, J.W. George "The Assessment of Verbal Inquiry in Junior High School 
Science." Science Education . 53:4:287-293. October 1969. . 

' . ^ '^""^^ concerned with evaluating inquiry training in children 
tna the test of an instrument designed to measure inquiry skills. 
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Skin. N.. ^1 °^ Attained Development of the Intellectual 

n i l r l t f '""^°''-t^"ding of the Nature of Scientific Knquiry' 
7:14i-l5i 197S!' of Rese arch in Science Teaching . 

An instrument is developed and implemented concerning bioloeic 
enquiry in an analytic mode and constructive mode. A discussion if 
subsequent analyses is presented. 

^^""^^tll Fffl f""* ^'<^Cann Donald C. "Evaluation in Unified Science: Measuring* 
^LcaL 5 ih'^'f ^^^^"^^ Course at the University of ^ 

Chicago High School." Science Education . 53:2:155-164. March 1969. 

« „„ ?-^^" °^ evaluative study to investigate the effectiveness of 
a unified natural science course. 

^'"'"•qH^n^r.-^'c: '•''^ Approach to a More Adequate System of Evaluation in ' 
Science." Science Teacher . 34:20-4. February 1967. 

Discusses evaluation generally and argues that evaluation ounht 
to focus on scientific attitudes. He then lists 20 such objectives! 

"""Lrnal!' 68: l^'r^J^'iSIs!'^ '^^^"^^ ^^--"^ary School 

Names process areas (e.g. observing, predicting) built into new 
science courses and argues for developing evaluation instruments for 
tnem • 

* 

Schuck Robert F "The Influence of Set Irduction upon Student Achievement 
and Perception of Effective Teaching." 7:35-40. 1970. 

Report of a study which measures effectiveness of set induction 
techniques and conceptions of pupils and teachers. 
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G. TEACHER CONCEPTION OF THE LOGICAL 
STRUCTURE OF A FIELD 



Udo George T. and Anderson, Hans 0. "Determining the level of Inquiry 
TM^wtlSo. ''yrrS""" J""""" °f research in Science Teach?n.'^ 

h.h..^ investigation into level of inquiry in teachers' questioning 
behavior and its role in student achievement. Hucstionmg 

Welch, Wayne and Pella, Milton 0. "The Development of ah Instrument for 

J«!;r^r"^''"'"""''f "f.** of Science." JouJIJ^J if 
Research i n Science Teaching . 5:64-68. 

. is a report on the development of the Science Process 

Inventory instrument. 
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H. STUDENT CONCEPTION OF THE LOGICAL 
STRUCTURE OF A FIELD 



Grobman Arnold B. "Science Education Today - Public Policy Tomorrow." 
NBA Journal . 56:8-10. March 1967. 

Curriculum argument in milieu terms (training public policy 
determiners). Asks for concept learning and inquiry learning. 

Ivany. George J.W. "Psychological Aspects of Structure in Science." . 
Science Teacher . 33:36-7. May 1966. * 

lyany argues for teaching the spirit of science which includes 
revealing the mechanism by which scientific concepts are subjected 
to scrutiny and modification. * 
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I. TEACHER CONCEPTION OF LEARNING 



Belanger, Maurice "Learning Studies in Stience Education, Science and 
Mathematics Education." Review of Educational Research. 39:377-395. 



A review article which treats "concept learning" ' "problem- 
solving," inductive-deductive learning," "guided discovery 
"creative thinking," and "critical thinking" in science education. 



Brandwein, Paul F. "Man's Cumulative Record - And His Methods of Intellieencc " 
• The Science Teacher . 38:3:26-28. March 1971. 

An article concerned with teacher concepts of learning as a 
method of intelligence. 

Feifer, Nathan "The Teacher's Role in the Discovery Approach: Lessons from 

the History of Science." The Science Teacher . 38:8:27-29. November 1971. 

A view of teaching methodology which emphasizes guided discovery. 

Ivany, J.W. George and Neujahr, James L. "Inquiring into Science Teachine." 
The Science Teacher . 37:2:31-34. February 1970. 

♦ 

A description of ways in which science teachers can analyze 
learning and conditions of instruction. 



Johnson, Paiil E., Curran, Tliomas E. and Cox, David L. "A Model for Knowledge 
of Concepts in Science." Journal of Research in Science Te aching. 8:1: 
91-95. 1971. ~ ^ 

A nodel is proposed to account for learned relations among concepts 
m physics. Data collected from graduate students in physics indicate 
that the psychological relations of association and similarity are 
consistent with the model. The role of these relations in evaluating 
conceptual knowledge is discussed. 



lewis, D.G. "Objectives in the Teaching of Science." Educational Research, 
7:186-89. 1965. 

Review article on objectives of science teaching which emphasizes 
non-content matters. 
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Renner, John W. and Stafford, Donald G. "Inquiry, Children, and Teachers 
The Science Tcachor . 37:4:55-57. April 1970. 

A report describing the effects of teacher education in inquiry 
upon classroom behavior. 



Renner, John W. "IVhy Change Science Teaching?" School Sci ence and Mathematics 
64:413-20. 1964. 

Repair needed in Secondary School science curriculum because ob- 
serving and classifying facts constituted a proper scientific exper- 
ience. Process side was missing. Proper experience of science 
requires process and up-to-date content and problem solving, not 
problem doing. 



Walters, Lou and Boldt, Walter "A View of Science and Some Teaching Strat 
Science Education . 54:2:173-178. April 1970 

The presentation of a teaching strategy adapted from scientific 
tradition and its relationship to learning. 
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J. STUDENT CONCEPTION OF LEARNING 

"°^'°SiurnIi^nf Nonscientists: Criteria for College Programs 

Journal of General Education . 15:257-75. 1964. i-rograms. 

College oriented. 

4 

in A Poppy's The Logic of Scientific Discover y, test questions 

«f?;c tSe ITtlll »",»Jy'ed and their questions's rouped'so a ^o 
ptac:S ii I *''^>' finkllig. Papers 

1. Information questions 

2. Method questions , 

3. Neutral questions 

Toomey D.M. "Students' Conceptions of the Student's Role Education.! 
Sciences , 4:2:58-64. 1971. •.uu^"«. s Koie. bducational 

fh. of research into freshman conceptions of their role in 

^nfUctL'°?n1l'^ ^""''^ in terms of Zee 

contiicting influences upon students. 

"""^'stuSts-to'wSsrt^ uain"'SL'^o^e"?i°s"lih:or^='' "^^t; 

6S:S93-j6. 1965. School Scien ce and Mathematics , 

Great ideas of science approach applied to Biology. 
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